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>(XURSHDQ3DUOLDPHQWDQG&RXQFLO@)RUWKLVUHDVRQDXWRPRWLYHLQGXVWU\LVSDUWLFXODUO\LQWHUHVWHGLQUHGXFLQJ
ZHLJKWWKURXJKLQQRYDWLYHOLJKWZHLJKWFRQFHSWLRQV
7KHFRPELQDWLRQRIGLIIHUHQWPDWHULDOVVXFKDVSODVWLFVDQGPHWDOVDGDSWHGWRORFDOORDGVDOORZVQHZDSSURDFKHV
IRUZHLJKWRSWLPL]DWLRQ:KLOHSODVWLFVDUHFKDUDFWHUL]HGE\ORZZHLJKWDWWUDFWLYHSULFHDQGQHDUO\HQGOHVVVKDSLQJ
SRVVLELOLWLHVPHWDOVFDQZLWKVWDQGVLJQLILFDQWO\KLJKHU ORDGVGXH WR WKHLUPHFKDQLFDOSURSHUWLHV+RZHYHUDGLUHFW
DQG ILUP FRQQHFWLRQ EHWZHHQ ERWK PDWHULDOV IDLOV GXH WR WKHLU SK\VLFDO DQG FKHPLFDO GLYHUVLW\ 6LQFH MRLQLQJ RI
SODVWLFVDQGPHWDOVEHVLGHVPHFKDQLFDO MRLQLQJQRZDGD\V LVPRVWO\EDVHGRQDGKHVLYHERQGLQJ WKH MRLQW LVZHDN
DQGXQGHUOLHVDJHLQJSURFHVVHV$SURPLVLQJDSSURDFKWRRYHUFRPHWKHVHSUREOHPVLVDODVHUEDVHGWZRVWHSSURFHVV
)XQGDPHQWDOV
7KH ODVHU EDVHG SURFHVV FKDLQ LV VKRZQ LQ )LJ D 'XULQJ WKH ILUVW SURFHVV VWHS WKH PHWDO VXUIDFH LV
PLFURVWUXFWXUHGZLWKODVHUUDGLDWLRQWRHQODUJHWKHDFWLYHVXUIDFHDQGFUHDWHXQGHUFXWVWUXFWXUHVIRUWKHLQWHUORFNLQJ
RISRO\PHUDQGPHWDO ,Q WKH VHFRQGKHDWFRQGXFWLRQ MRLQLQJSURFHVV VWHS WKHPHWDO LVKHDWHGXSDQG WKURXJK WKH
WKHUPDO FRQWDFW RI SRO\PHU DQG PHWDO WKH WKHUPRSODVWLF FRPSRVLWH PDWHULDO PHOWV $Q H[WHUQDO MRLQLQJ IRUFH LV
DSSOLHGDQGWKHSODVWLFL]HGPDWHULDOIORZVLQWRWKHVWUXFWXUHV$IWHUKDUGHQLQJDGLUHFWILUPERQGLVIRUPHG


)LJD3URFHVVFKDLQRIWKHODVHUEDVHGSRO\PHUPHWDOFRQQHFWLRQEPHWDOVXUIDFHZLWKFRQHOLNHSURWUXVLRQV&/36(0SLFWXUH
)RUWKHPHWDOVXUIDFHSUHWUHDWPHQWGLIIHUHQWODVHUPLFURVWUXFWXULQJDSSURDFKHVDUHLQYHVWLJDWHGHJWKHIRUPDWLRQ
RIXQGHUFXWJURRYHVZLWKFZODVHUUDGLDWLRQ>(QJHOPDQQHWDO@,QWKLVFRQWULEXWLRQXOWUDVKRUWODVHUSXOVHVDUH
XVHGWRFUHDWHDVSRQJ\VXUIDFHZLWKVRFDOOHGFRQHOLNHSURWUXVLRQV&/3)LJE'XULQJWKHDEODWLRQRIPHWDOVRU
VLOLFRQZLWKXOWUDVKRUW ODVHUSXOVHV WKHIRUPDWLRQRIQXPHURXVVHOIRUJDQL]HGPLFURVWUXFWXUHVFDQEHREVHUYHGHJ
PRXQGVVSLNHVPLFURDQGQDQRULSSOHVRU&/3>=XKONHHWDO5DLOODUGHWDO@
7KHIRUPDWLRQRI&/3FDQEHREVHUYHGDWPHGLXPa-FPðDQGKLJKIOXHQFHVRQVWHHODOXPLQXPWLWDQLXPDQG
VLOLFRQ >(LIHO HW DO  7VXNDPRWR HW DO @ 8VXDOO\ WKH HIIHFW VWDUWV DW JURRYHV VFUDWFKHV DQG
LQKRPRJHQHLWLHVDIWHUDIHZOD\HUVRIDEODWLRQZLWKKLJKHQHUJ\XOWUDVKRUWSXOVHVLQWKHDEODWHGDUHD$WILUVWVRPH
GRWVDQGKROHVDSSHDUZKLFKJURZ WR VPDOOFOXVWHUVZLWK LQFUHDVLQJQXPEHURI OD\HUV9LVXDOO\ WKHJURZWKRI WKH
&/3FDQEHPRQLWRUHGGXHWRDEODFNHQLQJRIWKHVXUIDFH7KHVWUXFWXUHLVFKDUDFWHUL]HGE\DUDQGRPRULHQWDWLRQDQG
DQH[WUHPHO\HQODUJHGVXUIDFHZLWKDKLJKVXUIDFHURXJKQHVV
([SHULPHQWDO6HWXSDQG3URFHGXUH
3.1. Materials and Sample Geometry 
7KHPDWHULDOV XVHG IRU WKH K\EULG MRLQW DUH DQ DXVWHQLWLF VWDLQOHVV VWHHO;&U1L  PPPDWHULDO
WKLFNQHVVDQGD7(3(;IORZFRUH3$%RQG/DPLQDWHV*PE+ZLWKJODVVILEHU UHLQIRUFHPHQW7KH7(3(;
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IORZFRUHPDWHULDOXVHGKDVDPDWHULDOWKLFNQHVVRIPPDQGDUDQGRPO\RULHQWDWHGORQJJODVVILEHUUHLQIRUFHPHQW
PPZLWKDILEHUFRQWHQWRIYRO3$*)7KHVDPSOHJHRPHWU\LVDGMXVWHGWRVKHDUWHQVLOHWHVWV
7KHGLPHQVLRQVDQGDUUDQJHPHQWRIWKHMRLQLQJSDUWQHUVDUHGHSLFWHGLQ)LJ


)LJ6DPSOHJHRPHWU\DQGDUUDQJHPHQWIRUWHQVLOHVKHDUWHVWV
$[PPðVWHHOVDPSOHZLWKPPPDWHULDOWKLFNQHVVLVDUUDQJHGLQDQRYHUODSRIPPWRWKH3$*)
VDPSOH ZLWK [ PPð GLPHQVLRQV DQG  PP PDWHULDO WKLFNQHVV 7R DYRLG PDWHULDO IDLOXUH RI WKH FRPSRVLWH
RXWVLGHWKHMRLQLQJ]RQHGXULQJWHVWLQJWKHMRLQLQJDUHDLVOLPLWHGWR[PPð PPð
3.2. Experimental Setup 
)RUWKHPLFURVWUXFWXULQJSURFHVVRIWKHPHWDOVXUIDFHWKHXVHGODVHUV\VWHPFRQVLVWVRID'0*6DXHU/DVHUWHF
D[LVPRWLRQV\VWHPZLWKDXOWUDVKRUWSXOVHG ODVHU7UXPLFURIURP7UXPSI/DVHUWHFKQLN*PE+)LJD
7KHSXOVHGXUDWLRQLVDERXWSVDWDZDYHOHQJWKRIO QP7KHPD[LPXPDYHUDJHRXWSXWSRZHULV:DWD
PD[LPXPUHSHWLWLRQUDWHRIN+]$IWHUGHIOHFWLRQE\DJDOYDQRPHWULFVFDQQHU,QWHOOL6FDQ6FDQODEWKHODVHU
EHDP LV IRFXVHG WKURXJK D OHQV I    PP WR D VSRW VL]H RI DSSUR[LPDWHO\  P RQ WKH ZRUN SLHFH 7KH
SDUDPHWHUVYDULHGWRRSWLPL]HWKHSURFHVVZLQGRZIRUWKHIRUPDWLRQRI&/3DUHVFDQQLQJVSHHGYVWUXFWXUHRIIVHW
62ODVHUSRZHU3DQGWKHQXPEHURIDEODWHGOD\HUV17KHVDPSOHVDUHSURFHVVHGZLWKDUDQGRPVFDQQLQJKDWFK


)LJ([SHULPHQWDOVHWXSIRUDWKHPLFURVWUXFWXULQJSURFHVVDQGEWKHMRLQLQJSURFHVV
7KHODVHUV\VWHPXVHGIRUWKHMRLQLQJSURFHVVLVD/DVHUOLQH*PE+/'0FRQWLQXRXVZDYHGLRGHODVHU
FRPELQHGZLWKD02720$1+3URERWPRWLRQV\VWHP7KHPD[LPXPRXWSXWSRZHULV:DQGWKHODVHU
V\VWHPLVRSHUDWLQJDWQPZDYHOHQJWK$]RRPRSWLFVIURP/DVHUOLQHZLWKDIRFDOOHQJWKRIPPIRUPV
6WHHO
[PPð
3$*)
[PPð
0LFURVWUXFWXUHG -RLQLQJ
$UHD[PPð
0DWHULDOWKLFNQHVV PP 0DWHULDOWKLFNQHVV PP2YHUODS PP
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DVTXDUHODVHUVSRWZLWKDYDULDEOHVL]HIURP[PPðXSWR[PPð7KHYDULDEOHVSRWVL]HHQDEOHVDVLPXOWDQHRXV
LUUDGLDWLRQ RI WKH FRPSOHWH MRLQLQJ DUHD ,Q RUGHU WR DSSO\ SUHVVXUH DQG IL[ WKH VDPSOH DUUDQJHPHQW D SQHXPDWLF
FODPSLQJGHYLFHZLWKDVSHFLPHQKROGLQJIL[WXUHLVXVHG)LJE$SUHVVXUHRIEDUVLVDSSOLHG7KHVDPSOHVDUH
MRLQHGZLWK3 :DQGPVLUUDGLDWLRQOHQJWKZLWKDODVHUVSRWVL]HRI[PPð
3.3. Testing Procedures and Analysis 
7KHPLFURVWUXFWXUHGPHWDOVXUIDFHLVDQDO\]HGZLWKDODVHUVFDQQLQJPLFURVFRSH/60.H\HQFH9.DQGD
VFDQQLQJHOHFWURQPLFURVFRSH6(0/(2(3$IWHUWKHFKDUDFWHUL]DWLRQRIWKHVXUIDFHWKHVDPSOHVDUHFXWLQWR
FURVVVHFWLRQV7KHPHFKDQLFDOSURSHUWLHVRI WKH MRLQW DUH WHVWHGZLWKDPXOWLSXUSRVH WHVWLQJPDFKLQH= IURP
=ZLFN*PE+	&R.*)RU WKH VKHDU WHQVLOH WHVWV D WHQVLOH IRUFH LV DSSOLHGSDUDOOHO WR WKH MRLQLQJDUHDDQG WKH
EUHDNLQJIRUFHLVPHDVXUHGDFFRUGLQJWR',1(17KHVDPSOHVDUHIL[HGEHWZHHQWKHFODPSLQJMDZVLQD
PPGLVWDQFH7KH WHVWLQJ VSHHG LV VHW WRPPPLQ ,QRUGHU WRPLQLPL]HEHQGLQJPRPHQWVRQ WKH MRLQWGXULQJ
WHVWLQJWKHVDPSOHVDUHJXLGHGEHWZHHQDOXPLQXPSLOODUV)RUHDFKSDUDPHWHUVHWWLQJILYHVDPSOHVDUHWHVWHG
5HVXOWVDQG'LVFXVVLRQ
4.1. Formation process of CLP 
7KHJURZWKSURFHVVRI&/3LVXVXDOO\GLYLGHGLQWRWKUHHVXESURFHVVHV>7VXNDPRWRHWDO@
 )RUPDWLRQRISHULRGLFVXEVWUXFWXUHV
$GGLWLRQDOWRODVHULQGXFHGSHULRGLFVXUIDFHVWUXFWXUHV/,366ZKLFKRFFXUDIWHUODVHULUUDGLDWLRQDQGDUH
YHUWLFDOO\RULHQWDWHGWRWKHSRODUL]DWLRQYHFWRURIWKHODVHURWKHUSHULRGLFVXEVWUXFWXUHVDUHIRUPHGRQWKH
VXUIDFH
 )RUPDWLRQRIVSKHUHVGRWV
6PDOOVSKHUHVDQGGRWVDUHIRUPHGZKHQLUUDGLDWLQJWKHSHULRGLFVXEVWUXFWXUHVZLWKPRUHODVHUSXOVHV7KH
IRUPDWLRQVWDUWVDWVXUIDFHQXFOHL
 )RUPDWLRQRI&/3
2QIXUWKHU LUUDGLDWLRQ WKHVPDOO VSKHUHVDQGGRWVJURZ WRJHWKHUGXH WREULGJLQJDQG IRUPD VSRQJ\&/3
VXUIDFH
(LIHO>(LIHO@DGGLWLRQDOO\GHVFULEHVDIRXUWKVWHSZKHUHWKHIRUPDWLRQRIWKH&/3WRSRJUDSK\LVVDWXUDWHG
ZLWK PRUH DEODWLRQ DQG WKH JHQHUDWHG WRSRJUDSK\ LV RQO\ WUDQVIHUUHG GHHSHU LQWR WKHPDWHULDO )LJ  VKRZV WKH
IRUPDWLRQRI&/3RQVWHHOZLWKLQFUHDVLQJQXPEHURIOD\HUVDW3 :Y PPVDQGPVWUXFWXUHRIIVHW
$IWHUOD\HUV)LJDQHDUO\RIWKHVXUIDFHDUHFRYHUHGZLWKEODFN&/3FOXVWHUV:LWKLQFUHDVLQJQXPEHURI
OD\HUVWKHVXUIDFHVEODFNHQVXQWLOWKH&/3FRPSOHWHO\FRYHUWKHVXUIDFH)LJG7KHILUVWWKUHHVXESURFHVVHVFDQ
EHYHULILHGGXULQJWKHWULDOV7KHVDWXUDWLRQRI&/3IRUPDWLRQFDQDOVREHFRQILUPHGXSWRDFHUWDLQSRLQWZKHUHWKH
KROHGHSWKGHFUHDVHVVWUXFWXUHVUHPHOWDQGWKH&/3WRSRJUDSK\VWDUWVWRGLVDSSHDU


)LJ)RUPDWLRQRIFRQHOLNHSURWUXVLRQV&/3RQVWDLQOHVVVWHHOZLWKDEFDQGGDEODWLRQOD\HUV
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6(0SLFWXUHVRI&/3DWGLIIHUHQWPDJQLILFDWLRQV)LJVKRZGRWVDQGKROHVZKLFKDUHSDUWLDOO\FRQQHFWHGZLWK
EULGJHV 7KH VWUXFWXUHV DUH UDQGRPO\ RUJDQL]HG RQ WKH VXUIDFH DQG VHHP WR KDYH QR SUHGRPLQDQW RULHQWDWLRQ
GLUHFWLRQ'LIIHUHQWSK\VLFDOPHFKDQLVPVDUH DVVXPHG WREH UHVSRQVLEOH IRU WKH IRUPDWLRQRI&/3 >(LIHO @
+\GURG\QDPLF DQG VROLGLILFDWLRQ HIIHFWV UHTXLUH WKH H[LVWHQFH RI D OLTXLG SKDVH GXULQJ WKH SURFHVV WKDW FDQ EH
LQGLFDWHG E\ GURSV RIPROWHQPDWHULDO DQG VROLGLILFDWLRQ IURQWV )LJ E DQG F 7ULDOV VKRZ WKDW E\ LQFUHDVLQJ
VXUIDFHURXJKQHVVSULRU WRPLFURVWUXFWXULQJE\VDQGEODVWLQJ WKH&/3JURZWKSURFHVVFDQEHDFFHOHUDWHG,WFDQEH
DVVXPHGWKDWQXFOHLRQWKHVXUIDFHDUHEHQHILFLDOIRUIRUPDWLRQRI&/37KHLPSDFWRIRWKHUPHFKDQLVPVOLNHRSWLFDO
LQWHUIHUHQFHDWGHIHFWVVFDWWHULQJRIODVHUUDGLDWLRQEHWZHHQWKHVWUXFWXUHVDQGVXUIDFHSODVPRQHIIHFWVDUHOLNHO\EXW
FDQQRWEHSURYHQGXULQJWKHWULDOV


)LJ&/3RQDWGLIIHUHQWPDJLQLILFDWLRQV6(0SLFWXUH
7KHVXUIDFHRIWKHPHWDOLVH[WUHPHO\HQODUJHGGXHWRWKHPLFURVWUXFWXUHVZKLFKDUHDOVRRYHUODLGE\QDQRULSSOHV
DQGGURSV)LJF$ELJVXUIDFHLPSURYHVDGKHVLRQEHWZHHQSRO\PHUDQGPHWDO LQ WKHRQJRLQJMRLQLQJSURFHVV
$GGLWLRQDOO\ FURVV VHFWLRQV )LJ  VKRZ WKDW WKH VWUXFWXUHV IRUP XQGHUFXWV DQG EDUEV ZKLFK RIIHU LQWHUORFNLQJ
SRLQWVIRUWKHSRO\PHU


)LJ&URVV6HFWLRQRI&/3RQVWHHO
7KHVWUXFWXUHGHSWKYDULHVEHWZHHQDQGPDQGWKHZLGWKEHWZHHQDQGP7KHUHIRUHWKHJHQHUDWHG
VWUXFWXUHVDUHELJJHUDQGGHHSHUWKDQUHSRUWHGLQOLWHUDWXUH>(LIHO@
4.2. Influence of laser parameters on the CLP growth process 
,Q RUGHU WR LGHQWLI\ D SURFHVV ZLQGRZ IRU PLFURVWUXFWXULQJ WKH PHWDO VXUIDFH ZLWK &/3 VFDQQLQJ VSHHG Y
VWUXFWXUHRIIVHW62 ODVHUSRZHU3DQG WKHQXPEHURIDEODWHG OD\HUV1DUHYDULHG7KHJRDO LV WR LGHQWLI\DVHWRI
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SDUDPHWHUVZKHUHWKHVXUIDFHLVUHSURGXFLEO\IXOO\FRYHUHGZLWK&/3DQGWKHSURFHVVWLPHLVPLQLPL]HG7KHWULDOV
IRU WKH GHWHUPLQDWLRQRI WKHSURFHVVZLQGRZZHUH FDUULHGRXWE\YDU\LQJRQHSDUDPHWHUZKLOH NHHSLQJ WKHRWKHU
SDUDPHWHUVFRQVWDQW7KHYDULDWLRQRI WKHODVHUSDUDPHWHUV3Y162DQGWKHLU LQIOXHQFHRI WKHGHJUHHRI&/3
FRYHUDJHRQWKHVXUIDFHLVVKRZQLQ)LJ7KHGHJUHHRIFRYHUDJHLVHVWLPDWHGE\YLVXDOLQVSHFWLRQ


)LJ,QIOXHQFHRIGLIIHUHQWODVHUSDUDPHWHUVRQWKH&/3FRYHUDJHD3YDULHGDWY PPV1 62 PEYYDULHGDW3 :
1 62 PF1YDULHGDW3 :Y PPV62 PG62YDULHGDW3 :Y PPV1 
:LWKLQFUHDVLQJODVHUSRZHUDQGLQFUHDVLQJQXPEHURIOD\HUVWKH&/3FRYHUDJHLVJURZLQJDQGDVZHOODVZLWK
GHFUHDVLQJVFDQQLQJVSHHGDQGVWUXFWXUHRIIVHW$VUHSHWLWLRQUDWHDQGIRFXVGLDPHWHUDUHFRQVWDQWGXULQJWKHWULDOV
WKH&/3JURZWK LVGHSHQGDQWRQIOXHQFHDQGSXOVHHQHUJ\DVZHOODV WKHQXPEHURISXOVHVHQHUJ\GHSRVLWHGRQD
FHUWDLQDUHD7KHGHYLDWLRQDW)LJDDW3 :LQWKHGHJUHHRI&/3FRYHUDJHFRXOGEHFDXVHGE\DKLJKVXUIDFH
URXJKQHVVSULRUWRPLFURVWUXFWXULQJ
)RU WKH MRLQLQJ WULDOV WKUHHSDUDPHWHU VHWWLQJV DUH FKRVHQ DW GLIIHUHQW VWDJHVRI WKHPLFURVWUXFWXULQJSURFHVV WR
HYDOXDWHWKHLQIOXHQFHRIGLIIHUHQW&/3FKDUDFWHULVWLFVRQWKHMRLQWVWUHQJWK
x $3 :Y PPV1 OD\HUV62 P$SSUR[LPDWHO\RIWKHMRLQLQJDUHDDUHFRYHUHG
ZLWK&/3³%HIRUH&/3´
x %3 :Y PPV1 OD\HUV62 P7KHMRLQLQJDUHDLVFRPSOHWHO\FRYHUHGZLWK&/3
³6WDQGDUG&/3´
x &3 :Y PPV1  OD\HUV62 P7KHVWUXFWXUHVDUHSDUWLDOO\ UHPROWHQDQG&/3
WRSRJUDSK\VWDUWVWRGLVDSSHDU³%H\RQG&/3´
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4.3. Joining results and tensile shear strengths 
'XULQJ FRQGXFWLYH MRLQLQJ  DQG 3$*) DUH FODPSHG WRJHWKHU DQG WKH  LV KHDWHG XS ZLWK D
[PPðGLRGHODVHUVSRW%DVHGRQSUHOLPLQDU\WHVWVMRLQLQJSDUDPHWHUVZHUHVHWWRODVHUSRZHU3 :ZLWKD
LUUDGLDWLRQOHQJWKRIPVZKLFKHQDEOHWKHSODVWLILFDWLRQRIWKHPDWUL[PDWHULDOLQWKHHQWLUHMRLQLQJDUHDZLWKRXW
GHFRPSRVLWLRQ 7KH SODVWLILHG PDWUL[ PDWHULDO IORZV LQWR WKH VWUXFWXUHV DQG ILOOV WKH FDYLWLHV ZLWKRXW YLVLEOH DLU
HQWUDSPHQW)LJ*ODVVILEHUEXQGOHVDUHPRVWO\QRWLQFOXGHGLQWRWKHMRLQLQJ]RQHDVWKH\DUHWRRELJWRSHQHWUDWH
WKHFDYLWLHVDQGVLQJOHJODVVILEHUVDUHQRWUHOHDVHGIURPWKHEXQGOHV7KHUHIRUHWKHFRQQHFWLRQLVSULPDULO\EDVHGRQ
WKHFRQQHFWLRQEHWZHHQPHWDODQGPDWUL[PDWHULDO


)LJ&URVVVHFWLRQRIWKHMRLQWEHWZHHQVWHHODQG*)53
$IWHUZDUGV WKHVDPSOHVZHUH WHVWHGYLD WHQVLOHVKHDU WHVWV WRGHWHUPLQH WKHDYHUDJHEUHDNLQJIRUFHRI WKHMRLQW
7KH DYHUDJHEUHDNLQJ IRUFHRI WKH%VDPSOHV LV DURXQG1DQG IRU$DQG&VDPSOHV DERXW17HQVLOH
VKHDUVWUHQJWKVDUHFDOFXODWHGZLWKDMRLQLQJDUHDRIPPðDQGWKHUHVXOWVDUHVKRZQLQ)LJD


)LJD7HQVLOHVKHDUVWUHQJWKRISRO\PHUPHWDOMRLQWVDWWKUHHSURFHVVSRLQWV$6XUIDFHQRWIXOO\FRYHUHGZLWK&/3%HIRUH&/3%6XUIDFH
IXOO\FRYHUHGZLWK&/36WDQGDUG&/3&6XUIDFHPROWHQDQG&/3VWDUWHGWRGLVVDSHDU%H\RQG&/3EIUDFWXUHGDUHDDIWHUWHQVLOHVKHDUWHVW
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7KH WHQVLOHVKHDUVWUHQJWKVRI WKHSRO\PHUPHWDOMRLQWZLWKD IXOO\FRYHUHG&/3MRLQLQJDUHD LVDERXW03D
ZKLFKLVPRUHWKDQMRLQLQJVWUHQJWKVRIFRPPRQDGKHVLYHMRLQWVRUODVHUEDVHGMRLQWVZLWKRWKHUODVHUSUHWUHDWPHQWV
>(QJHOPDQQHW DO 5DXVFKHQEHUJHU HW DO %RXWDU HW DO @2XWVLGH WKH6WDQGDUG&/3SURFHVV
ZLQGRZWKHMRLQWVWUHQJWKGHFUHDVHVZKLFKFRQILUPVWKHLQIOXHQFHRIWKH&/3VWUXFWXUHRQWKHERQGLQJVWUHQJWK)LJ
E GHSLFWV WKH IUDFWXUHG DUHD DIWHU WHQVLOH VKHDU WHVWV 7KH IUDFWXUH LV PRVWO\ EDVHG RQ FRKHVLYH IDLOXUH RI WKH
3$*)PDWHULDODVUHVLGXHVRIILEHUDQGPDWUL[PDWHULDODUHVWLOOFRQQHFWHGWRWKHPHWDOMRLQLQJSDUWQHU
6XPPDU\DQG2XWORRN
7KHGHVFULEHGODVHUEDVHGSURFHVVFKDLQDOORZVWKHGLUHFWDQGILUPFRQQHFWLRQRISRO\HUVZLWKPHWDOV,QDILUVW
VWHSPHWDOLVVWUXFWXUHGZLWKFRQHOLNHSURWUXVLRQV&/3&/3DUHJHQHUDWHGGXULQJDEODWLRQZLWKXOWUDVKRUWSXOVHG
ODVHUUDGLDWLRQRQVWDLQOHVVVWHHO$WILUVWGRWVDQGKROHVDSSHDUZKLFKJURZWRVPDOOFOXVWHUVZLWKLQFUHDVLQJ
QXPEHU RI OD\HUV XQWLO WKH PHWDO VXUIDFH LV FRPSOHWHO\ FRYHUHG ZLWK &/3 ZKLFK FDQ EH YLVXDOO\ GHWHFWHG E\ D
EODFNHQLQJ RI WKH VXUIDFH 7KH JHQHUDWHG VHOIRUJDQL]HG PLFURVWUXFWXUHV IRUP VSRQJ\ VWUXFWXUHV ZLWK KLJK
URXJKQHVVGXH WRGRWVKROHVDQGQDQRULSSOHVDQGRIIHUJUHDWSRWHQWLDO IRUFRQGXFWLYH MRLQLQJZLWK WKHUPRSODVWLF
FRPSRVLWHV7KHJURZWKSURFHVVRI&/3LVVWURQJO\GHSHQGDQWRQIOXHQFHSXOVHHQHUJ\DQGWKHDPRXQWRIHQHUJ\
GHSRVLWHGRQDFHUWDLQDUHD
,QDVHFRQGFRQGXFWLYHMRLQLQJSURFHVVSRO\PHUDQGPHWDODUHFRQQHFWHGE\SUHVVLQJPROWHQWKHUPRSODVWLFPDWUL[
PDWHULDO LQWR WKH JHQHUDWHG VWUXFWXUHV ,Q WHQVLOH VKHDU VWUHQJWK WHVWV ERQGLQJ VWUHQJWKV RI K\EULG MRLQWV EHWZHHQ
DQG3$*)RI!03DFDQEHDFKLHYHGZKLFKLVHYHQKLJKHUWKDQMRLQWVEDVHGRQFRPPRQDGKHVLYH
MRLQLQJRURWKHUODVHUEDVHGWHFKQLTXHV
&XUUHQWO\PLFURVWUXFWXULQJZLWKXOWUDVKRUWSXOVHGODVHUVLVDVORZSURFHVV7RLQFUHDVHSURGXFWLYLW\IRULQGXVWULDO
DSSOLFDWLRQVWKHLPSOHPHQWDWLRQRIKLJKSRZHUXOWUDVKRUWSXOVHGODVHUVVKRXOGEHSXUVXHG
$FNQRZOHGJHPHQWV
7KLVZRUNZDVVXSSRUWHGE\WKH*HUPDQ)HGHUDO0LQLVWU\RI(GXFDWLRQDQG5HVHDUFK%0%)XQGHUWKH
UHIHUHQFHFRGH1
5HIHUHQFHV
(XURSHDQ 3DUOLDPHQW DQG &RXQFLO  5HJXODWLRQ (& 1R  RI  $SULO  VHWWLQJ HPLVVLRQ SHUIRUPDQFH VWDQGDUGV IRU QHZ
SDVVHQJHUFDUVDVSDUWRI&RPPXQLW\¶VLQWHJUDWHGDSSURDFKWRUHGXFH&2HPLVVLRQVIURPOLJKWGXW\YHKLFOHV
(QJHOPDQQ&(FNVWlGW-2ORZLQVN\$$GHQ00DPXVFKNLQ9([DPLQDWLRQRI%RQG6WUHQJWKRI/DVHU$VVLVWHG3ODVWLF0HWDO
-RLQWVFRQVLGHULQJ'LIIHUHQW/RDG'LUHFWLRQV3URFHHGLQJVRI/$03)XNXRND
=XKONH&$$QGHUVRQ73$OH[DQGHU'5)RUPDWLRQRIPXOWLVFDOHVXUIDFHVWUXFXWUHVRQQLFNHOYLDDERYHVXUIDFHJURZWKDQGEHORZ
VXUIDFHJURZWKPHFKDQLVPVXVLQJIHPWRVHFRQGODVHUSXOVHV2SWLFVH[SUHVV
5DLOODUG%*RXWRQ/5DPRV0RRUH(*UDQGWK\OO60OOHU)0FNOLFK)$EODWLRQHIIHFWVRIIHPWRVHFRQGODVHUIXQFWLRQDOL]DWLRQ
RQVWHHOVXUIDFHV6XUIDFHDQG&RDWLQJV7HFKQRORJ\
(LIHO6'RKUQ$*LOOQHU$4XDOLW\$VSHFWVLQ+LJK3RZHU8OWUD6KRUW3XOVH/DVHU$EODWLRQ3URFHHGLQJVRI/306WXWWJDUW
7VXNDPRWR0.D\DKDUD71DNDQR++DVKLGD0.DWWR0)XMLWD07DQDND0$EH10LFURVWUXFWXUHVIRUPDWLRQRQWLWDQLXP
SODWHE\IHPWRVHFRQGODVHUDEODWLRQ-RXUQDORI3K\VLFV&RQIHUHQFH6HULHV(LJKWK,QWHUQDWLRQDO&RQIHUHQFHRQ/DVHU$EODWLRQ
(LIHO6(IIL]LHQ]XQG4XDOLWlWVVWHLJHUXQJEHLGHU/DVHUPLNUREHDUEHLWXQJPLW8.3/DVHUQGXUFKQHXHRSWLVFKH6\VWHPWHFKQLNGRFWRUDO
WKHVLV$SSULPXV9HUODJ$DFKHQLQJHUPDQ
5DXVFKHQEHUJHU - &HQLJDRQDLQGLD $ .HVHEHUJ - 9RJOHU ' *XEOHU 8 /LpEDQD )  /DVHU K\EULG MRLQLQJ RI SODVWLF DQG PHWDO
FRPSRQHQWVIRUOLJKWZHLJKWFRPSRQHQWV3URF63,(6DQ)UDQFLVFR
%RXWDU<1DwPL60H]OLQL6%HQ6LN$OL0(IIHFWRIVXUIDFHWUHDWPHQWRQWKHVKHDUVWUHQJWKRIDOXPLQXPDGKHVLYHVLQJOHODSMRLQWV
IRUDXWRPRWLYHDSSOLFDWLRQV,QWHUQDWLRQDO-RXUQDORI$GKHVLRQ	$GKHVLYHV
